In today's digital world the information surges with the widespread use of the internet and global communication systems. Healthcare systems are also facing digital transformations with the enhancement in the utilization of healthcare information systems, electronic records in medical, wearable, smart devices, handheld devices, and so on. A bulk of data is produced from these digital transformations. The recent increase in medical big data and the development of computational techniques in the field of cardiology enables researchers and practitioners to extract and visualize medical big data in a new spectrum. The role of medical big data in cardiology becomes a challenging task. Early decision making in cardiac healthcare system has massive potential for dropping the cost of care, refining quality of care, and reducing waste and error. Therefore, to facilitate this process a detailed report of the existing literature will be feasible to help the doctors and practitioners in decision making for the purpose of identifying and treating cardiac diseases. This detailed study will summarize results from the existing literature on big data in the field cardiac disease. This research uses the systematic literature protocol as presented by Kitchenham et al. The data was collected from the published materials from 2008 to 2018 as conference or journal publications, books, magazines and other online sources. 190 papers were included relying on the defined inclusion, exclusion, and checking the quality criteria. The current study helped to identify medical big data features, the application of medical big data, and the analytics of the big data in cardiology. The results of the proposed research shows that several studies exist that are associated to medical big data specifically to cardiology. This research summarizes and organizes the existing literature based on the defined keywords and research questions. The analysis will help doctors to make more authentic decisions, which ultimately will help to use the study as evidence for treating patients with heart related diseases.
I. INTRODUCTION
Systematic literature review (SLR) is a systematic way of identifying, organizing, and representing the literature in a systematic manner [1] . The proposed research work is based on the protocol of SLR. In today digital and computing world the information increases rapidly. Devices such as remote sensor and wearable technologies continuously produce abundant heterogeneous data. This data is called big data. The big data is the data whose diversity, scale, and complexity need new structure, algorithm, technique and analytics for the management, visualization and to pull-out The associate editor coordinating the review of this manuscript and approving it for publication was Vlad Diaconita. hidden information [2] . Big data has produced key attention in different of fields, such as in social media, banking operations, production of healthcare appliance, and satellite imaging [3] . The data is stored in a vastly organized layout to visualize contents and information.
Healthcare system is facing the digital transformation with the enhancement in the utilization of healthcare medical information system, electronic medical record, wearable, handheld, and smart devices. A bulk of data is produced from these digital transformations. Recent prompt increase in medical big data and development of computation in the field of cardiology enable researchers and practitioners to extract and visualise the new insights from healthcare big data.
Several big data sources in healthcare are available, such as biometric data, registration data, health record electronically, the internet data, imaging, patient reports, biomarker data, clinical data, and administrative data [4] . Davarzani et al. [5] did analysis on 499 elderly patients with congestive heart failure of age ≥ 60 years who had frequently visited clinic for 19 months to follow-up. Relationship between frequently measurements of biomarkers and treatment effects of loop diuretics, β-blockers, spironolactone, and renin-angiotensin system inhibitors on risk of HF hospitalization was examined in the generation of hypothesis. The equation of generalized estimating was used to report the correlation of patient recurrences of events. Kinkorová and Topolčan [6] descibed the key Horizon 2020 of biobanking projects, financing schemes and the future perspective. The EPMA announced the enduring strategies for the useful endorsement of predictive, preventive, and personalized (PPP) medicine. Over 45 countries is contributing toward the implementation and improvement of the promotion of PPP medicine [7] . Golubnitschaja et al. [8] , [9] give an overview of the issues associated with healthcare services of pandemic scenario in the progression of frequent non-communicable diseases, poor economy of health care, lackness of specialised education, overdue interventional approaches of reactive medicine, challenging ethical characteristics of some treatments along with insufficient communications among policymakers and professional groups. The paper further presents a combined status of the professionals of PPPM toward the new lifelong instruments for the progress of technology and science in health related medical services in the European programme 'Horizon 2020'.
Medical big data is different from the other discipline big data due to its distinctive features. The medical big data is mostly difficult to use and most of the examiners in the healthcare arena are hesitant to exercise open data science for the reasons, such as lack of data-sharing incentives and risk of data exploitation by illegal use [10] . Medical big data are normally be collected based on some protocol and are mostly structured [11] . The cost of medical big data is normally more, as it involves expensive instrumentations, personnel and discomfort of the patient. Healthcare data are comparatively less in size to the other disciplines. Medical big data has several applications in healthcare, such public health, disease and safety surveillance, predictive modelling and clinical decision support, and many other research areas.
The role of medical data in cardiology is a challenging task. Early decision making in cardiology has enormous potential for refining the care, reduce the cost of care, and reducing waste and error. Previously some research work has been done to promote conscious efforts made through the process and execution of healthcare data, but yet no detailed study of healthcare big data in cardiology for the purpose of feature identification, applications, and analytics of medical big data.
A. PROBLEM DEFINITION
The literature reveals several articles published on medical big data for cardiology. This research investigates potential features of big data in cardiology, applications of medical big data, and techniques used in medical big data which can ultimately be used for decision making in healthcare. This research summarises and organises the existing literature published associated to medical big data in cardiology based on the defined keywords and research question. This will help the doctors and practitioners to more close and authentic decision making of the patient and then ultimately can take help to use the study as evidence and advice the care accordingly to the patient.
B. RESEARCH CONTRIBUTIONS
Studies of 190 papers were included according to the defined inclusion, exclusion, and quality assessment criteria. The key contributions of proposed research are to counter below research questions;
• What are the medical big data features in cardiology?
• What research has been done since 2008 in the field of medical big data in cardiology?
• What techniques are used by the researchers for medical big data features in cardiology?
• What are the applications of medical big data in cardiology?
• What are the medical big data analytics in cardiology? The paper and their sections are ordered as; section 2 elaborates the methodology used. Section 3 discusses the process of research in the light of guidelines provided by Kitchenham et al. [1] . The results and discussions are given briefly in section 4. Some limitations of the proposed research are given in section 5. The paper concluded in section 6.
II. METHODOLOGY
The healthcare system is facing the digital transformations with an enhancement in the use of healthcare information system, electronic medical record, wearable, handheld, and smart devices. A huge amount of data is produced from these digital transformations. The current increase and development in healthcare big data and its computation in the field of cardiology enable researchers and practitioners to extract and visualise the new insights from medical big data to further provide easy solution for it. The huge amount of data in healthcare is to be assessed to identify, discover, and prevent different diseases. The analysis of big data is quite difficult, as big data contains huge sum of information and record(s). The analysis of big data can be exploited by different algorithms of data mining to mine useful informations and patterns for further investigation of disease and their prevention [12] . The heart disease is a big issue in health and most of the time becomes the cause of death. The identification of heart disease on early time is important in the medical healthcare and research field [13] .
The analytics big data has improved the healthcare by facilitating personalised medicine based on analytical prescription. Data sharing model of three layer for big data of heart is developed which uncover the scope of cardiac remodelling [14] . The big data in healthcare can be categorized in three forms, for example small n and large p, large n and small p, and large n and large p, (n is the number of samples while p is the number of parameters) [15] . There are different categories under which big data features of cardiology can be placed. For example in cardiology, shortness of breath, typical chest pain, feet edema, palpitation, syncopy, dyspnea on exertion, unconscious (Rhythm disturbance), hypertension, fever, skin rash/joint pain, murmurs, and so on. Several studies are available to identify different techniques to define data features. A data feature uniquely identifies data and hence used to detect a specific disease.
A. ROLE OF BIG DATA IN MEDICAL EDUCATION
Big data is a key tool used in medical curriculum by researchers and teachers to plan, analyze, design, estimate and deliver teacher activities and enhance healthcare education. Big data is mainly used in medical education for the specific purpose of improvement in the medical field. The visual analytic has the advantages of combing the analysis of data and exploitation technique, human cognitive strength to perceive, information and knowledge representation, and identify visual patterns [16] . Medical data feature contains all the essential information of a disease. Features are the static attributes and information about functional and nonfunctional qualities that are present in any data system. These data features are almost interlinked with each other, performing different operations. An obvious consideration of these features of data and their association into logical grouping is an additional step to further understand the specific disease. These understandings of a specific disease can ultimately help in prevent the disease early in medical health care.
The proposed methodology has been conducted and discussed briefly in the following sections.
III. RESEARCH PROCESS
Several studies have been published in diverse domains by using SLR [17] . The SLR is an accepted way to analyse and examine a problem objectively. Medical big data specifically in the area of cardiology has various features to be analyzed. Such analysis consists of features mining, classification, clustering, association, and regression. The purpose of SLR is to systematically see, assess, and deliver all of the available and published materials related to the research questions defined to give wide-ranging informations to research communities [17] . Based on protocol adopted for conducting the SLR [1] , the activities are categorized into three major phases which consists of; design of protocol, conduct the SLR, and the report evidence.
Details of the protocol followed for conducting the SLR and process of data collection is given in the following sub-sections.
A. RESEARCH DEFINITION
The aim of the proposed study is to cover detailed understandings of the existing published research regarding big data features identification and visualization in the area of cardi-ology. Features regarding a particular representation show a detail description about that phenomenon. The aim of using the concept of features identification and visualization in cardiology will eventually help the doctors and practitioners to easily identify a disease and then advice treatment accordingly. The SLR used in this research provides a concise analysis of the features and their visualization in cardiology to make it simple the diverse techniques followed in medical researches and industries. This report specifically explores the application of medical big data in cardiology.
A formal series of steps of an SLR was performed which made the process further objectively and repeatable. By following the proper process of SLR, it plays an essential role in recognition of fundamental nature of the conclusion presented by the study. Figure 1 shows the steps involved in conducting the SLR [17] . 
B. RESEARCH PLAN AND METHOD
The proposed SLR protocol used in this research was followed according to the guidelines [1] . Figure 2 shows the phases of the designed protocol and the steps followed to carry out the SLR. In figure, the first phase is to define the research questions (5 questions), the search process consists of searching the resources based on the defined searching keywords, the selection process consist of inclusion and exclusion of articles and their scrutiny, the quality assessment based on the defined criteria and weigh assignment to the research questions, and finally the analysis of the data obtained from the included articles. This literature review follows the following protocol. 
C. RESEARCH QUESTIONS
The proposed literature review addressed the following research questions (RQ) and is given below: RQ1. What are the medical big data features in cardiology? RQ2. What research has been done since 2008 in the field of medical big data in cardiology? RQ3. What techniques are used by the researchers for medical big data features in cardiology? RQ4. What are the applications of medical big data in cardiology? RQ5. What are the medical big data analytics in cardiology?
D. SEARCH PROCESS
To conduct an SLR, one should plan a proper way to search relevant materials as it is essential to see each individual source. A well-structured process of search makes it easy to systematically study the accessible sources in order to identify all of the associated literatures meets the pre-defined search criteria. For conducting the proposed research study, a proper search process has been performed to identify the related materials available in the mostly known libraries of conference proceedings, journals, books, and other material. In the current study, different keywords associated to the medical big data features identification and analytics in the field of cardiology according to the research questions (given in section 2.3) were searched in the mentioned libraries shown in Figure 4 . The steps of search process used for this study are presented in Figure 3 . Figure 4 shows the libraries that were searched based on the keywords for the available papers associated to the proposed research.
The keywords for search were decided by the authors. The process of defining the keywords was kept very specific. As we tried search very short words (for example; features of cardiology or features in cardiology) in the given libraries. We got very huge bulk of articles such as a total of 2485 links in IEEE, 6740 in PubMed, 60975 in ScienceDirect, 178548 in Springer, 14810 in Taylor & Francis Online, and 36257 in Wiley Online Library. So, the process of inclusion and exclusion, analysis and assessment of these papers were very tricky task. To overcome this problem and to easily include/exclude, analyse and assess the papers, the said keywords very kept very specific.
These keywords include ''medical big data features in cardiology,'' ''techniques for medical big data in cardiology,'' ''applications of medical big data in cardiology,'' and ''medical big data analytics in cardiology.''
The process of search was made limited for the years range 2008 to 2018 (above 10 years). The search process showed a big volume of literatures in the form of journal publications, books, conference, workshops papers, and many other available materials. All of the given digital repositories were searched manually by using the defined keywords. Relevant citation informations were carefully tackled by using the Endnote [18] . During managing the bibliographic information, it was determined to keep separate files of Endnote libraries for each source in initial process of search. After inclusion and excluding criteria, all of the individual libraries were then combined into one library. The duplication of papers was removed manually and only one source of the same was kept. The bibliographic information included in the Endnote library contain author name(s), title of the article, name of the journal/conference, publishing year, and total number of pages of article. The detail of the overall search process according to the defined keywords in the given libraries is given in Figure 5 .
Separate folders were made for all of the above libraries and a total of 21230 titles were found. Initially, each folder of the library was checked manually and all of the articles were properly name by their titles. The duplicate papers were then removed by checking title in each folder. The first process of filtering was done manually for all of the libraries based on title and 568 articles were achieved. After this, the articles were filtered by abstract of the paper manually and a total of 358 articles were achieved. Most of articles having word cardio or heart were included. In the final stage, the articles were filtered by content, and total of 190 papers were included. The exclusion and inclusion process was very difficult as each of the paper was checked manually. The details of the selected papers by title, abstract and contents are given in figure 6 .
These 190 papers along with bibliographic information were managed in the Endnote library. The process of making the references was done manually as some time when downloading a citation from the internet then some of the information is missing. For example, the information may be in the form of author name, year, title of the article, place of publishing, page numbering, and so on. The included articles were used to answers the questions defined in the research.
E. STUDY SELECTION
The search process was done to identify the appropriate papers to the research questions. By performing search process, a collection of papers was obtained through the process of SLR. This collection of papers need to further filter the papers to make it easy to the criteria of exclusion and inclusion, and to have only relevant material that precisely focused on topic given in the questions of the research. The following inclusion criteria were strong-willed by the authors to take account of the relevant papers:
• The papers evidently talk about the use and applications of medical big data in cardiology. • The papers provide comprehensible details and context need to cover and answers the questions defined in the research.
F. STUDY SELECTION PROCESS
Inclusion of particular article was a very difficult task as the process of selection consists of a number of steps. The process needed to be very carefully done. Due to this reason, two stages process of selection of for studies was performed. Initially, title of the article was checked manually based on the defined criteria of exclusion and inclusion, and papers which were not relevant were excluded. In the next stage, the papers were filtered by viewing abstracts of articles, and as results several articles were excluded that were not associated to the current research. The criteria of inclusion and exclusion were defined and are shown in table 1. Table 2 shows a three stags filtering process of papers. Figure 7 shows the resulted papers after retrieving appropriate papers, clearly accepted by using the defined criteria of exclusion and inclusion [19] . List of the included papers along with detail is shown in Figure 7 .
List of the year-wise papers published is given in Table 3 . According to the above year wise break-up there is an increase in the research publications after year-wise, marking the obtaining value and applications of medical big data. Figure 8 represents the raise in number of publication for medical big data in the selected year range.
G. QUALITY ASSESSMENT
Assessing quality of included papers was done after the completion process of selecting papers based on inclusion criteria. All the articles were checked for quality assessment of papers to the given research questions. Following is the defined quality criteria (QR) for questions of the research.
QR1. The papers provide a clear depiction and identification of feature of medical big data.
QR2. The papers provide a detail of work done since the year 2008 till August 2018. QR3. The papers provide details of different technique used in medical big data.
QR4. The papers emphasize the applications of medical big data in the field of cardiology.
QR5. The papers describe medical big data analytics in cardiology
All the included papers were manually examined and analysed by the authors. All of the individual papers were given weights according to each question. Score to each paper was allotted in below style.
• 0-the paper having no details regarding the question. • 0.5-question moderately discussed in the paper. • 1-a question completely discussed in the paper. To determine the evaluation for more analysis, the total score of a paper shows the relevancy of individual paper to the present research. All the assigned values of the five research questions are added for each paper. Further details are given in Figure 9 show the assessment of quality of the selected papers.
H. DATA EXTRACTION
After the assessing the quality of paper, the necessary data related to the questions of the research defined above were mined. The most significant data extracted is shown in structure of figures and tables, which is briefly given as follows;
• Figure 7 shows all of the included papers, with their citation, publishing year, and paper type.
• Table 3 shows the year-wise break-up of included papers from year 2008 to 2018.
• Figure 8 provide year-wise number of selected publications • Figure 9 shows the quality evaluation of the selected papers • Table 6 presents the medical big data features in cardiology • Table 7 provides the research has been done since 2008 in the field of medical big data in cardiology
• Table 8 provides the techniques that are used by the researchers for medical big data features in cardiology
• Table 9 provides the applications of medical big data in cardiology • Table 10 provides are the medical big data analytics in cardiology.
IV. RESULTS AND DISCUSSIONS
The EPMA announced the enduring strategies for useful PPP medicine. Over 45 countries are working for the implementation and improvement of the promotion of PPP medicine [7] . The European programme 'Horizon 2020' was presented to combine the status of the professionals of PPPM toward the new lifelong instruments for the progress of technology and science in health related medical services.
The following sub-sections give brief discussions of the derivations of the present review. The discussions are given in five subsections. Each subsection presents one of the research question on which this review is based. This discussion is focused by providing the readers with the essential detail about medical big data in cardiology. These discussions include all of 190 papers selected according to the criteria of search and with the evaluation of quality which is shown in Figure 9 .
A. CONCEPT AND DEFINITION OF MEDICAL BIG DATA
Healthcare has no specific meaning of ''big data.'' Big data is commonly categorized into 5 Vs. Figure 10 shows the 5 Vs of the big data.
Since, the last decade there have been a fast growing digitalization in the field of medical and information is increases rapidly with the wide spread use of internet and global communication. Healthcare system is facing the transformation of information with the enhancement in healthcare information system, electronic medical record, wearable, handheld, and smart devices. As a result, a huge bulk of data is produced from these digital transformations. This prompt increase in medical big data and development of computation in the field healthcare enable researchers and practitioners to extract and visualise the new insights from this medical big data. The idea behind big data analytics came into existence by the help of which we can analyze complex data and derive valuable facts from it. When these analytics apply to the medical data, then it has massive potential for refining the care quality, reduce the care cost, and reducing waste and error. McKinsey Global Institute [206] presents, if the data is utilized efficiently, then the US health care can make an addition than $300 billion every year, of which 2/3 would be reducing expenses by about 8% in the healthcare. Different resources of medical big data are available, such as the data of biometrics, registration, electronic health records, patient reports, internet, imaging, the data of biomarkers, prospective cohort studies, clinical, and the data of administration [4] . The complication of healthcare results from variety of healthcare associated devices and their co-morbidities, the heterogeneity of treatments and outcomes, and the subtle intricacies of study development, investigative method and approach to collect, process, and interpret healthcare data [6] . Table 4 shows the volume of big data in the present research. Table 5 shows the Variety, value, veracity, velocity of big data in the proposed research.
The following are the journals which have published the research related to the proposed research. Till now, researchers and practitioners try to come across a complete study of the healthcare big data in the area of cardiology and related disease. Several studies in the literature exist about the heart disease, but yet, there is lack of detailed study to present the prominent heart issues. The proposed study is an attempt to cover this gap and presented the work done in the healthcare big data in the heart related issues. Table 7 shows the representation of the work done in the area of medical big data in heart related issues since January 2008 to August 2018. The details of the papers [13] , [14] , [22] , [23] , [26] - [28] , [32] , [35] , [36] , [40] , [42] , [45] - [47] , [50] , [55] , [57] , [58] , [60] , [62] , [63] , [68] , [69] , [72] - [74] , [84] , [92] , [100] , [109] , [110] , [114] , [119] , [120] , [122] , [125] , [126] , [129] , [131] , [138] , [145] , [155] , [179] , [181] , [185] are already given in Details of the papers [13] , [14] , [22] , [26] , [28] , [32] , [35] , [40] , [45] , [50] , [57] , [62] , [74] , [84] , [92] , [100] , [110] , [119] , [125] , [126] , [129] , [138] , [164] are already given in Table 6 while Table 8 show the representation of rest of the papers in the field of medical big data features in cardiology. The paper [13] , [14] , [22] , [28] , [32] , [45] , [50] , [73] , [84] , [92] , [100] , [109] , [110] , [126] , [131] , [145] , [164] are already discussed in table 6, while the table 9 shows the representation of rest of the paper for the applications of healthcare big data in cardiology.
F. RQ5. WHAT ARE THE MEDICAL BIG DATA ANALYTICS IN CARDIOLOGY?
Analytical goal of big data in healthcare is the modelling, prediction, and inference, clustering, classification, and regression are general approaches exploited [15] . The classification of medical big data is a kind of supervised learning and is brought as analytical modelling. The analytics of big data can help and support in the early on accurate prediction of heart disease, and discovery of variation from healthy state. Rumsfeld et al. [4] categorized eight areas of big data analytics for the improvement of healthcare. These areas are; 1) analytical modelling for risk and usage of resources; 2) disease and treatment heterogeneity; 3) surveillance of drug and device safety in healthcare; 4) management of population; 5) measurement of performance and quality care; 6) clinical decision support and precision medicine; 7) public health; and 8) application of research. Analytics of big data and applications of ML is used in cardiology for many reasons, such as for clinical decision support, detection of risk factor for cardiovascular disease, and for precision medicine using genomic information [50] . Table 10 shows the representation of the research work identified by this study big data analytics in healthcare especially in cardiology.
V. LIMITATIONS OF THE RESEARCH
The following are some of the limitations of the proposed research work • There are a number of libraries exists, but the proposed research was limited only to six of the most extensively referenced libraries. This decision was taken to only focus on high quality peer reviewed articles.
• Google Scholar was skipped; the reason was that it provides access to most of the articles, and to save time from difficulty of reproduction of entries.
• An article might have been skipped which talks about the idea associated to healthcare big data in cardiology but not uses the term at all.
VI. CONCLUSION
Big data role in healthcare especially in cardiology becomes a challenging task. On-time decision making in cardiac healthcare system has massive potential for refining the care quality, minimize the cost of care, and decrease error and waste. Therefore, it is ideal to have a detailed study and report of the existing literature with the help of which the doctors and practitioners can take better decisions early healthcare. The detailed study will eventually summarise the results of the available literature published related to big data in cardiology. The current research is an endeavour toward comprehensive report on big data in cardiology. The proposed study uses systematic literature protocol and guidelines as presented by Kitchenham et al. [1] . Data was collected from the work published during the year 2008 to 2018 in the form of conference, journals, books, magazines and other online sources.
This research summarises literature published associated to medical big data in cardiology based on the defined keywords and research questions. A total of 190 primary studies were included according to pre-defined inclusion, exclusion, and quality assessment criteria. The proposed research has analysed a total of 47 research articles in the area of medical big data features in cardiology, total of 139 articles in area and work done in the medical big data in cardiology since January 2008 to August 2018, total of 59 articles are analysed for the work done in the area of medical big data features in cardiology. The paper analysed total of 47 articles related to the applications of medical big data in cardiology and total of 10 articles associated to the medical big data analytics in cardiology.
The proposed study identifies all the selected articles, along with their details of mentioning the title, citation, paper type, and publishing year of the paper. The paper presented a year-wise distribution of included papers from 2008 to 2018. The paper presents the medical big data features in cardiology, provides the research been done since 2008 in the field of medical big data in cardiology, the techniques that are used by the researchers for medical big data features in cardiology, the applications of medical big data in cardiology, and the medical big data analytics in cardiology. The results of the proposed research show that there is increase in research related to cardiology. The study highlights the summaries will help the doctors and practitioners to more close and authentic decision making of the patient and then ultimately can take help to use the study as evidence and advice the care accordingly to the patient.
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